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ABSTRACT 
The objective of this study was to isolate copper sulfate-resistant bacteria in Blue Soil Hills, Sagada, Mountain, Province, Philippines. Three 
distinct bacterial colonies were isolated from the soil sample. The isolates were different from one another based upon colonial characteristics 
and growth patterns in solid and liquid medium. All three bacteria were gram-positive and were able to grow in medium supplemented with 
various concentrations of copper sulfate. More luxurious growth was observed in medium with highest supplementation (333.33 p pm). The 
isolated bacteria could be potential bioremediation agents in soil and water heavily contaminated with copper.        
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INTRODUCTION 
Blue Soil Hills, also known as Kaman-utek Hills is one of the 
prime tourist destinations in Sagada, Mountain Province, 
Philippines because of the bluish-green coloration of the soil. 
The colors are deeper when the soil is moistened or after 
raining. According to the local tourism office, the bluish-
green coloration of the soil is due to high copper sulfate 
content.  
It is well known that the most important uses of metals and 
metalloids in various industries have been as biocides and 
antimicrobials. Copper (Cu) along with mercury (Hg), silver 
(Ag), arsenic (As) and antimony (Sb) are the most commonly 
used metals or metalloids. Copper is involved in aerobic 
respiration specifically in electron transport chain1. This 
metal is highly toxic to prokaryotes and eukaryotes at a high 
dose2. Copper compounds in agriculture are used as 
antimicrobial, algicidal, pesticidal and antifungal agents3. 
According to Grass et al. (2011), inorganic and organic 
copper compounds have been used as treatment for a 
number of human diseases such as syphilis, tuberculosis and 
anemia4.  Most recently, the use of copper antimicrobial solid 
surfaces in hospitals have resulted to reduce microbial 
contamination and transmission of hospital-acquired 
infections5,6,7.  The rapid killing of bacteria on solid copper 
surfaces is caused by membrane rupture, coupled with 
generation of Reactive Oxygen Species (ROS) leading to 
further cellular destruction, including degradation of plasmid 
and chromosomal DNA4. 
The objective of this study was to isolate copper sulfate-
resistant bacteria in Blue Soil Hills, Sagada, Mountain 
Province, Philippines.  
MATERIALS AND METHODS 
Collection of Soil Sample 
Composite soil sample was collected in Blue Soil Hills, 
Sagada, Mountain Province, Philippines. About 10 g of the 
collected soil sample was transferred in Erlenmeyer flask 
containing 150 mL of Trypticase Soy Broth (TSB). The flask 
was incubated in room temperature for 48 hours to allow the 
luxurious growth of bacteria.  
Isolation of Bacteria 
Two series of 10-fold dilutions (10-5 and 10-6) of the TSB-soil 
suspension was made in sterile distilled water. One hundred 
microliters (100 µl) of the diluted suspension was spread 
into Trypticase Soy Agar (TSA) plates. The plates were 
incubated at room temperature for 24 hours. 
Cultural Characterization of Bacterial Colonies  
Bacterial colonies grown in TSA plates were differentiated 
based on their appearances on the medium. Colony 
characters such as shape, margin, elevation and texture were 
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considered. Colonies that exhibit different cultural characters 
were purified in TSA plates. Purified isolates were grown in 
TSA and TSB for the identification of growth patterns.  
Gram Staining  
The purified isolate was streaked on TSA plate and incubated 
at 37 ˚C for 18 to 24 hours. A smear was prepared by mixing 
a small amount of growth with a drop of distilled water. The 
smear was air-dried and fixed by heat. The glass slide was 
labeled properly. The dried smear was stained with crystal 
violet for 1 minute and was rinsed thoroughly with tap 
water. Afterwards, the smear was covered with Gram’s 
iodine for 1 to 2 minutes and was washed with tap water. 
The smear was decolorized by dripping 95% ethanol and 
was washed immediately. Then, the smear was 
counterstained with safranin for 45 seconds and was washed 
by tap water. The slide was examined under microscope. 
Gram-positive bacterium should be colored blue while Gram-
negative bacterium should be colored red. Cell shape was 
also observed under the microscope. 
Growth in TSA Supplemented with Various 
Concentrations of Copper Sulfate 
TSA plates were supplemented with various concentrations 
of copper sulfate (Table 1). The purified isolates were 
streaked in the supplemented TSA plates. The plates were 
incubated at room temperature for 48 hours and bacterial 
growth was observed. 
 
Table 1: Preparation of the TSA-supplemented plates and its corresponding copper sulfate concentration. 
Volume of  
TSA (mL) 
Weight of Copper  
Sulfate Added (g) 
Working Concentration of 
Copper Sulfate (ppm) 
15 0.1 6.67 
15 0.2 13.33 
15 0.3 20.00 
15 0.4 26.67 
15 0.5 33.33 
15 0.6 40.00 
15 0.7 46.67 
15 0.8 53.33 
15 0.9 60.00 
15 1 66.67 
15 2 133.33 
15 3 200.00 
15 4 266.67 
15 5 333.33 
 
RESULTS AND DISCUSSION 
Cultural Characterization of Bacterial Colonies 
Three distinct bacterial colonies were isolated from Blue Soil Hills, Sagada, Mountain Province, Philippines. The isolates were 
different from one another based upon colonial characteristics and growth patterns in solid and liquid medium (Table 2).      
Table 2: Colonial characteristics and growth patterns of the three bacterial isolates from Blue Soil Hills, Sagada, Mountain 
Province, Philippines. 
 
Gram-staining and Shape of Cells 
All three bacteria were gram-positive wherein cells were stained blue. Cell shape of isolates A and C was spherical while isolate 
B had rod cells (Figure 1).   








Figure 1: Gram-reaction of the three bacterial isolates (A) Isolate A; (B) Isolate B; (C) Isolate C. 
Isolates Shape Margin Elevation Texture 
Growth Pattern 
Agar Broth 
Isolate A Round w/ scalloped margin Undulate Convex Mucoid Filiform Membranous 
Isolate B Irregular and spreading Curled Umbonate Dull and granular Filiform Ring 
Isolate C Round Erose Flat Smooth Effuse Membranous 
A B C 
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Growth in TSA Supplemented with Various 
Concentrations of Copper Sulfate 
All of the isolated bacteria were able to grow in medium 
supplemented with various concentrations of copper sulfate 
(Table 3). More luxurious bacterial growth was observed in 
TSA with highest supplementation (333.33 ppm) (Figure 2)
    
Table 3: Growth observation in TSA plates containing various concentrations of copper sulfate. 
Volume of 
TSA (mL) 
Weight of Copper 
Sulfate Added (g) 
Working Concentration of 
Copper Sulfate (ppm) 
Growth  
Observation 
15 0.1 6.67 + 
15 0.2 13.33 + 
15 0.3 20.00 + 
15 0.4 26.67 + 
15 0.5 33.33 + 
15 0.6 40.00 + 
15 0.7 46.67 + 
15 0.8 53.33 + 
15 0.9 60.00 + 
15 1 66.67 + 
15 2 133.33 + 
15 3 200.00 + 
15 4 266.67 + 
15 5 333.33 + 
Note: + means presence of bacterial growth 
 
         
Figure 2: Isolates grown in TSA supplemented with 5 g (A) and 0.1 g (B) copper sulfate. 
 
Bacteria possess copper homeostasis and copper resistance 
mechanisms because this essential metal is highly toxic and 
involved in host defense. In Escherichia coli, the cue and cus 
systems have components that could modify the charge in 
ionic copper and efflux it8. In some E. coli strains, a plasmid-
borne copper resistance system, pco, confers copper 
resistance9,10,11. Moreover, the AcrD and MdtABC in E. coli 
could efflux copper and other antimicrobials when NlpE, an 
outer membrane lipoprotein is overexpressed12. In 
Salmonella spp., enterobactin and TolC are involved in 
copper detoxification13. Gram-positive bacterium such as 
Enterococcus hirae imports copper into the cytoplasm via 
CopA, an ATPase and binding of excess cytoplasmic copper 
by a copper chaperone (CopZ), which donates it to either a 
copper export ATPase (CopB) or CopY, which is a copper-
responsive repressor of gene expression for the E. hirae cop 
operon14. 
Mining activities, extensive use of copper in industries and 
crop production are major sources of copper pollution of 
soils and water.  Copper pollutions pose a serious health 
threat to human and in the biodiversity of the ecosystems15. 
The development of methods to remove toxic heavy metals 
such as copper from water and soils is currently an area of 
intensive research16,17,18. The isolated copper sulfate-
resistant bacteria from Blue Soil Hills, Sagada, Mountain 
Province, Philippines could be potential bioremediation 
agents in soil and water heavily contaminated with copper. 
Biological removal of pollutants is attractive because it is 
considered cost-effective and eco-friendly18,19,20.  
CONCLUSION 
This study was able to isolate three bacteria that could 
withstand copper sulfate concentration as high as 333.33 
ppm. The isolated copper sulfate-resistant bacteria from Blue 
Soil Hills, Sagada, Mountain Province, Philippines could be 
potential bioremediation agents in soil and water heavily 
contaminated with copper.   
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